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(S)  BRHH (I) MEEFE IS (V) MU BN T —2 A SIVS FEHLEAL, B8 T didfie 2
TR B A A R R B it PR PSR, I EL O T R e B K 4 e B AR R AF

VA B3R SCHRERL TP 0 R GCR S B SRR R, B SCHR [13] APl A e {3 1T 1
PRI S, R T —REAAELIEIBBREYLAE B ih SIRI AL, 251 T MrkErLA
Firk, FESLRF AR BORFR AP TE R T 4R, B T B B/R B RS RS2 T i
SRR A IE W R AR FE 251

L b, NP R R PRI R AN OUR LR e R (—Fhoh AR W R REAL
AR, EE AR T SRR, A — AR ER R A @R, AR
W55 Dl B E s, MEBORMEREZTY, SE. BURAXERGBEE
MHK, 4 Covid-19, SARS, WEKSE. X —JEHE KB HRIEH ERBA N L, AEHLiH
FATRIZ SRR TN, [ — e H AL G i A A iz i Markov Y] #filiid HipE
BLE, An3CEk [16-17) 55 A<3CHE il Markov VIl A GgR, @3 RAFLmREYLILEh
LT B B P R s 1) A B AR, Sl R AR %K. Chebyshev’s A%¥3.  Has'minskii
R, HRHOE B E T IR SR B R AT, KA P S TR

2 1REIES

BRI 18] S N4 T # il REDIRES Z MM HGE R R ICICIZH, T —k s
B BT AR A R AT T R RS RIR R BEL SIVS 1 Rl

dS = [(1 = gr()) Arry = Br(y F(S@) (L) = (br(ty + Prey)S () + Yrry L (t)
+erw)V (t)]dt + o1, S(t)d B (1),

Al = [B,) f(S)g(I(t) = (trey + Yre) + @)L ()]dt + oop 1) I (t)dBa(t),

AV = [qr) Aty + PreyS () — (kr(e) + €r))V ()] dE + 03,1y V (¢)dB3(1),

(2.1)

Her St), I(t), V(t) 4370k t B2 Z R NEE, I N B S B P v I 3RS e e N BRSO,
Qry WAFTEILEEFIZR, A AADREANE, 0,0 WEREER, p.q HERIETE,
pr) NBREE M RIER, o) WETREBRWIETER, v IEEWEREE,
HREEHWRPERER, rt ) AT (Q,F, {Fi}es0,P) LHELEEIRBIHREE,
THIRESZ|N h=1{1,2,3--- N} FXGRBIREMAERITT = (vij)nxn H

Vi + o(A), i #

P{T(HA)—jlr(t)—i}—{ 14950 +o(A),i=j

HAt A > 0,7 > 00 # 5) ZM i 2] j REBHER, %Z—Z%j-f’ﬁ%‘ﬁﬁ%ﬁ%ﬁfﬂg

i — MR R, e T AR (1.1) ﬁ@mﬁw$ﬁﬁﬁw&xe@ M PR e A .

RHMEWAE, 24 g(1(t)) = 1™ B, L0 = prt o > 1, ) 90 S 1 R, 1EE R
STCAE S HEATITE. HT I, diiﬂ%f&ﬁﬁ%fﬁeﬂﬁﬂﬂ@ﬂk%ﬁﬁﬁ% B(r(t)ST™(m > 1)
T A HEREHLAE 3T

S(o11(r(t)) + o12(r(t))S)dB1(t), I(021(r(t)) + o22(r(t))I)d B2 (1),

V(os1(r(t)) 4+ o32(r(t))V)dBs(t).
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EESLANE SIVS HLA

+V(o31(r(t)) + o32(r(t))V)dBs(t),

il:'j Bl(t) (7’ =1, 273) jbﬁ:?ﬁ]‘ﬁﬁﬂiéfjj, Uij(i =1,2,3,5 = 172) jgeuﬁéggﬁga K%%ﬁ%
B (2.1) W9 S, BARRZATEIIZ D) B;(t) MAr FEIRBHREE r(t), #—2RE r(t) &
N
A, XRADIRBIREE r(t) BRI TR 7 = {m1, 72, -, 7} TR ATE hZ_jl T =1
Mo, >0 BAESL T #0 B, HF heh R23RBE i # 4,75 > 0.
KT RITE, R A(r(t), B(r(t)), u(r(t),v(r(t)) HIEHWE, HAKASEOVERTE,
H q(rt)) < 1,18 R} = {(@1, 22, ,2n) € R" : 2; > 0,4 = 1,2,---,n}. X TAEEH &
9=19(1),9(2),---g(N)}, X § = r,gleig{g(k)} M g= rggg{g(k)}- Xt [0, +o00] LR ATFREEL f,
E X
L s = s "= in
=7 [ S@as = s [0 = a1

te[0,00] te[0,00]
Br T A PRI S, FEBLSEH, PSSRy AR B A G A i i — D EE
R, BTRG (2.2), AMA NS, ROTELMTEAHPRERIE BIG & TR R
dS = [(1 — q(t)A(t) — BE)SI™ — (u(t) + p(t))S +~v(t)] + £(t)V]dt
—l—S(O’ll(f) + Ulz(t)S)dBl (f),

2.3
dI = [B(t)ST™ — (u(t) +(t) + a(t))I]dt + I(o21(t) + o22(t)1)dBa(t), 23
dV = [q(t)A(t) +p(t)S — (u(t) +e(t))V]dt + V(031 (t) + 032(t)V)dBs(1),
HARTE R NIE T - FRES RS
N TR (2.2)-(2.3) WHERR, FAIFGIANMTSR. BIEH BRI 77
{ da(t) = f(a(t), t)dt + g(a(), AB(L), -
z(0) = xo.

5138 2.1 RIERGE (24) WARBIE ¢ L& T - AN, HIERERKAHES
— X Dy % [0,00),0 > 0 {2 Lipschitz 20, #—BHBREFE-TEEV = V(t,2) 7E
R x [0,00) X o S ZWGESEA Y, M ¢ B—YCELEA A, 15 ¢ LR T - IR BR R
THIZM

i) ”irﬁflV(t,a:) — 00, ¥4 | — o0,
x||>
11) LV(t,JJ) S _17 ||!E|| > la

MRS (24) 771 T - A, #5HT L B TR

1
L=V +V,f(z,t)+ §Trace[gT(t)Vmg(3:, )],
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E,Vz (8:101 V - (95[:27.“,‘/z - 8$N)7vmm(6$ia’tj)nxn'

N T G ARSI T M TR ER, TR
{ dX(t) = f(X(2),r(t))dt + g(X(2),r(t))dB(?),

‘/t:

(2.5)
z(0) = xo, 7(0) =ro,

HF f R xh—> R, g:R"xh — R Az, k) = g(z, k) g7 (2,k) = (Aij)nxn, V i RXh —

R™ #10 BriE S iR, & T

L= Zfzxk -+ 3 ZAU(? + ) iV, i) = Vi, k).
Tily i£ken

5|38 2.220  FE R LI

) SMEER i # 4,75 >0,

i) XMTAEEW k€ h,D(x, k) = (dij(z,k)) X, HXFTEEH 2, € R" §HiE
alé]? <(D(x,k)E,&) < o e, HAHE o € [0,1],

i) FIEMBIEZEWHE D, M THEER k€ h, FEE_PES MM AERRE V(. k)
D¢ =R, Y o> 08, WEEW (v.k) € D x h,  LV(-, k) < —a,

MRS (2.5) Sl HAER R, W& AmME—r- PR (., ), MAEE Borel F] &%
N
f:Rxh—R" 2 kz_:l Jon 1f (2, B)|p(dE, k) < 400, &

{tlggo /f ds—z |f;vk|udkk)}

3 & (2.3) WFENLERME. BAMURIEFEALEAFNEESE
EX 108 FESHFAERW 6 € (0,1) FEEEE < = <), HEXM T EEWHE X(0) =
Xo e Ry, REE (2.3) W X (1) EFUTHE
lim inf P[| X ()] > ¢] <4,
NIFR X (t) bl AH F .

EX 22 FEXTAEER 6 € (0,1) HFE—XIETFE < = <(8), x = x(9), HEXTEZEY
1A X(0) = Xo € R, RS (2.3) Wifg X (1) AU FHR

litmianP’[|X(t)| <g]>1-4, litmianP’[|X(t)| >x]>1-46,

TFR X () RBEPLRFAR.
EXZHL

1 2u 2u 2u
A= p — (073 Vo33 Vo3y),

1
C = A" +2(o}1015 V 03105, V 031033) + m(ﬂl +pt ot + (off Vodi Vo3t
2uy)2
(0'12 \/022 Vo33))”.
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EHE 3.1 H M >0, B FAEEMAIME (5(0),1(0),V(0) € RY, REE (2.3) BfpkENL R
KA R HHEPLRRA.
W BNV =N+L, N =S+I+V, 3T X(t) € R, ¥4 |X(t)] — oo B, T V(X (1)) — oc.
A 1t A A1
1

LV = A(t) = ()N = a(t)] = =5(A(t) = ()N = a(t)]) + %[52(011@ +o1a(t)S)?

+I(021(t) + 022(t)])? + V(031 (t) + 0352(t)V)?]
AL (S H T4V 1

< AV _ l _ ~” __ 7 P
<A wN N2 + ¥ + N2 + N3

+(201101 5 + 205,05, 1 + 203,08, VN® + (o3 V o3y v o35 V]

(ot v oBi v o3 N*

A ar 1
gA“—ulN——+M—+—+—[(Uf}‘\/o§f\/o§i‘)N2

+2(0ty0ty V 03105 V ool N + (0% V o3 v o3 NY]

Al u at O.Qu v 0,2u v O.Qu
SAM—NZN—W‘F%*‘N*‘ (o ]i]l st) +2(01015 V 05103, V 051055)
+(ofy Vo33 V o3y)N
1 Al
< _[Ml — (073 v 03y VU%%)](N‘F N) + A" 4 2(011015 V 03105, V 05,055) — N2

1
(W4 1+ 0+ (0F v oBt v o) — (o v ods v o))

N
u u u u u u u l E 2 E2
< =MV + AY 4+ 2(0fy 01, V 005, V oyo8,) — Al (N - ﬂ) + 1Al
<-MV+C,
Het B = (u' +p* + " + (off Voii Vozl) — (013 V o3 V 038)).
BWRE
t
E{ehtV(t)} = E[V(0)] +E[/ eAlS[/\lV(s)+LV(s)]ds}
0
t
< E[V(0)] + C]EU e)‘lsds}
0
C A1t
< — Mt — 1.
<E[VO)]+5 {e 1}
A It
W c Art C
E[V ()] < e M E[V(0)] + — {1 _eM } <E[V(0)] + = = H.
)\1 )\1
R BRI ¢, 15 A% < 1, iZ ] Chebyshev’s N&ER 15
1 1 1 1 C H
P{N+ = <ZE|N+=| <=|eME |1 —eMt|| < —.
{ ty S _g[ +N}_g{e [V(O)]+)\1[ e H_(
BWRE
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hmsupP{N>§}<hmsup]P’{N % >§] <.

t—o0
MF|X[<N,H
limsup P[|X] <] < 6.
t—o0

DAt

litmian{N >} <6, hmlnf]P’{% g} <.
Fr A

liminf]P’{N <¢}>1-4, 1itminf]P’{ 1-09.

)

SIZ

FEIN>|X| > U"Jﬁ

1
liminf P{|X| <¢} >1-9, liminf]P’{X Z—}zl—é.
t—00 {1X1 } t— 00 X V3¢

EH 3.1 JFEE. |
THHRRR (2.3) FMMBHIFEESE. € XS5

o (VI =q@)ADBD)),
T () +p(0) + o (0 + 2O (1) 1 9(1) +a(t) + 303 (0)

911912

2

FIE 3.2 Y Ry > 1H, RS (2.3) EPHFELE—ANIETILE T - FEi%.
E ORAEEEE 3.1 MIERA AT, X PEER 0 <6 < 1, 77E Q5 € Q, W2 P{Qs} > 14,
FHHAXMFIEN we Qs #A N < L =X, &R

V=KWVi+tw(t)+Va+Vs,

HAFVi=—kilnS—koInl+ks(oly +01,9)", Vo=—InS—InV, V5= (S+I1+V)°,
(

. (1 - g )z
o.2u b
(1(e) + ple) + o (1) + 2ZEADLEOD
_ 2u
ko = d-gd)r R K,n,0

(u() + (1) + alt) + 503, (8)) 1 n(1 —n)oty(of)"’

PIRIERE, Hn<1,0<1. 20 Ito AXT7HE

LV = = (1= a0)A(D) ~ BOST™ — () + p(0)S + ()] + 1)V

021 (t) + 022(t)1)? + knoty [A(t)(glu +0129)" ! = q()A(t) (o1, +01,5)" !
—B)SI™ (0% +0128)" "t = (u(t) +p()S(0hy +0128)" " + (D) I(01; +01,9)" "

k
+e(t)V (o], + Ul12S)n71] - 73”(1 —n)o15S%(0t) + 0159)" 2 (011 (t) + 012()S)?



1224 =7/ B = Vol.41A

2024 A(t) )
(1- ”)Uluaiz

%(7@)[ +(OV) + ke (1) + (1) + alt) + %Ugl )

< = (1= a)A() + Fr (1) + p() + 031 (1) +
_l’_

—koB(t)ST™ 1 + %
< =2k k(1 — q(0)A(®)B(t) + kaB(£)S + k1 (u(t) +p(t) + o7y (t)

2UIS(AE§):L ,E;,(Z ;Lllj(t))&)) + ko (u(t) +(t) + aft) + %Ugl (t))

k
~kB(O)ST !+ L3y (DI° + koo (Doza (D] + k1 B(0)T™

039 (E)I? + kaoa1 (t) o2z ()] + k1 ()™

=: —Ro(n,t) + kaB(t)S — ko B(t)ST™ 1 + %052@)12 + kaoay (o (t) + ky B(E) ™,

Horr
Ro(n,t) = 2v/kika (1 — q(t) A(t)B(t) — k1 (u(t) +p(t) + o3 (1)
2075 (A(t) + (v(t) + () Aa) 1
PNUEE]

L(Vi +w(t)) < —Ro(n,t) + kaB(t)S — kaB(t)ST™ " + %052@)12

—|—I€20’21(t>0’22(t>] + klﬂ(t)lm + w'(t).

W w(t) & T - FMARECTFHWZE ' (t) = Ro(t) — (Ro)r, IBBUEHE/N n f Ro(n,t) >0,
% n— 0B, A%

k
L(Vi +w(t)) < —(Ro)r + k28*S — ko B1ST™ " + ?203312 + koo (t) o2 ()] + ki B I™

. k
= —2((1 = q(t) A7 ((R)* — 1) + koS — ka8'ST" " 4 o3y T
+koooy (t)Uzg (t)I + klﬁufm.

(ol
LVa = 2 [(1 = ) AW = BOSI™ = (ut) +p(a)S +7(O] +=(0)V |
1040 + )5 — (wit) + OV ] + S (0110) + 1205
+5(01(1) + o)V )
(1-g9A

S
GBI —py; +01EST + oV 2t 4t 4 ol + o3

LVs=(S+T+V) 7Y A@W) —pt)(S+I+V)—a@)]) - %(1 —O(S+I+V)'2

S_

X |:S2(0'11(t) + 012(t)S)2 + 12(0'21 (t) + O'22(t)[)2 + V2(0'31(t) + UgQ(t)V)2
<(SHT+V)YAR) — p@)(S+I+V)—a(t)])
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1
—5(1 —0)(S+T1+V)"2 (0525‘4 + o2, + a§2v4)

1 0+2 l (4 A
§—5—4(1—9)®2(S+I+V) Py (S+I+V) + g

Hrt 0y = o7 Aodh Aoy ZET LR, FI1

\ Kk
LV < —2K((1— ) A7 ((R§)? — 1) + Kks8"S — Kko8'ST™ ™1 4 =224 12

2
1—q)A S
+Kkooo1 0991 + Kk fUT™ — % +BI™ — Py + o1 S? + a2V 4 2" + p

1 A
et ottt o5t — —=(1—0)0x(S+ I+ V)2 — pl(S+T+V)? + 570

54
, Kk
= 2K ((1— )A)r ((R)? —1) + F + Kky8"S — Kkp 8l ST ™! + =2 5242

2
+Kkooo1o20] + Kky f*I™ — p; - % + BI™ + 034 8% + 024 V?
—%(1 —0)Oo(S+ T+ V)2 (S +T+V)? + %

—2K((1— q)A)r ((R§)® —1) + KT’”aggﬂ + Kkof3* Ao + Kool 05,1
— Kk ST™ 4+ Kk 1™ + F — (1—75“)#
—5(1 — 0)©,8%+2 — %(1 —0)0, 112 — %(1 —0)0, VT2 —p
—p(S+I1+V)"+ S?ig

Kky o,

—2K<(1 — q)A>T((R(SJ)% - 1) + — 0929 Iz + Kkzﬁu)\g + Kk20§102"21

2
_u l
CKhyB'SI 4 Kk gapir 4 p - 17004 . )4

1 1
(1 — 0+2 _ 0+2 _ 0+2
(1—0)0,85 =7 (1= 0021 = (1= 0)8:V

IN

PO 4 oS 4 oY
'S
\%4

IN

+ 0N 4 01y S + o3y V?

u

A
—pl—— l(S—FI—FV)H—FW

= 2K((1 - q)A)r((R3)* — 1) + F + fi(I) + f2(S) + f3(V) + g(S)
S
12

(S +T+V)? — KkpplSIm™1 —p o2

1-6 Kk
Al) = =00 + 5 OB+ K (kaoty oty + ki 525 )] + Khaf*Ag + 5N,

1-46 1—6
f2(5) = —7925'0Jr2 + 03552, f3(V) = _5_4@2V9+2 +oluy?,
(1-g4)A" A" A (1—g)A
98 =g g = 51—0(_ Aug0
HBUR B RRIEH 3 K #15

—2K((1 - q)A)r((R3)Z — 1)+ F + f3 + f3 + g" < —2.

+1),F:2u“+p“+€“+0f?+03?-
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& A F X8

1 1 1
D= {(SIV)GR1,51<S<—51<I<—g2<v<5—}
€1 €1 2

B R/ NIET B 1 Fl €0, 60 =, FFETER M FAER

—2K((1 = q)A)r((R§)? — 1) + F + g" + fuler) + f3 + fi < 1,

_u) Al u
—2K<<1—q>A>T(<R8>%—1)+F+g“+ff+f;+f§‘—(1 DL s,
1

-

—2K 1—(] T

[N

1
-1 +F+g“+f{*+f§‘+f§‘—pl—§—1,

-

—2K((1 - q)A)r

[N

} 1+F+f1+f2( )+f3+g <-1,

-

(R )

2K ((1— ) A)r((R %—1)+F+g +f1( ) AR <L
(R )
(R )

1
9K ((1 = q)A)r((R) 1+F+f1+f2+f3( )+g 1

AT WRITE, H R\ D LT 6 DX

Dy ={(S,,LV)eR} :0<I<e}, Do={(S,I,V)eR}:0<S<e},

1
D3={(S,I,LV)ER3 151 < S,e1<[,0<V <&}, Dy= {(S,I,V)eRi P <I},
1

1 1
D5_{(S,I,V)6Ri:€—<s}, DG_{(S,I,V)eRi:E—<V}.
1 2

B, D° = U Di. TS 6 FSSE D JEW LV < -1
1) 24 (S, I,V)e[0,00) x D1, B
LV < —2K{(1 - q)A) . ((R3)? — 1) + F + fi(I) + f2(S) + f3(V) + g(S)
< —2K((1 — )AL ((R)F —1) + F + g + fu(e1) + f3 + fi-
2) 24 (S,1,V)€[0,00) x Dy, &
LV < —2K{(1 - q)A) . ((R§)® — 1) + F + fi(I) + f2(S) + f3(V) + g(S)
(1—gnal =~ A

1-6°

< —2K{(1 = )A)((R§)2 — 1) + F + g" + fi' + f3 + f3 — 2 5
1

3) 24 (S,1,V)€[0,00) x D3, &
LV < —2K{(1 - q)A) . ((R$)E — 1) + F + fi(I) + f2(S) + f3(V) + g(S)
< —2K((1 —q)A),.((R§)

=

1
- )+F+g“+ff+f;+f;—pl—gl.
4) 24 (S, I,V) e [0,00) x Dy, B

LV < —2K((1 - q)A), (R} —1) + F + f1(I )+f2( )+ f3(V) + g(S)
< —2K((1 = ) A) (R)? = 1) + F 9"+ fi(— )+f2+f3
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5) 24 (S,1,V) €[0,00) X D5, &
LV < —2K((1 - )A),((R})* — 1) + F + i >+f2< )+ f5(V) +g(S)
< —2K((1 = )A) . ((R§)? —1) + F + f} +f2( R R
6) 4 (S,1,V) €[0,00) x Dg, B
LV < —2K((1 = )A)((R)> = 1) + F + fi(I) + fo(S )+f3(V)+g(S)
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£ 1, XTEBW (S,1,V) €[0,00) x D¢, LV < —1. I

4 FHBXTHFAE

FH A1 M R = &‘”*“ > Lk € hit, R (22) MRHALET

BE X TEAERAL.
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Ad(S+1) > (1= @A~ (i +p)S — (e + @)1 + S(o11 (k) + 012(k)S)dBi ()
—|—I(O’21 (k) + UQQ(k)I)dBQ(S).

B L= 0 F ¢ BTG

o(t) = S(f)zs(o) N I(f);I(O)
> (1 - A~ (24 DS — (i + @) (D) + 4 2,
Het Ny = [} S(o11(k) + 012(k)S)dB1(s), No = [7 I(091 (k) + 002 (k) I)dBs(s).
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1 “\ A . - N1 N2
() = itp (1 =@A—=o(t) — (a+a) )+ — + —}

iz Ito AX A%
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B BN 0 2] ¢ AR
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din’l > —(p+5+a) —

1 1
55’%2 — 6’21622] — 5632)\3] dt + (0’21 (k) + ng(k)l)ng(t).

1 N. 1
" > >\£< Yo = (it +6) = 505 —&21622<I>t+—3 — 5050
3 o o N, N
> e (L= DA = (1) — (it @)D+ — + =7
N. 1 1
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Hoft Ny = [ (091 (k) + 002 (k)I)ABa(s). H3RAELE B AT 40

N N. N. InI(t) —InI(0
lim M= i 22 2 g N8 g, i LD IO
t—oo t t—oo t t—oo t t—»oo t
T 5
1 INTTL(1 — Ak 1 1
liminf(7); > - (ﬁ 2 (- i) ( )_(ﬂ+ﬁ+d)_§g,§l_§a§2g>
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1 1 1

= Jora) (u +y+a+ 5&31 + 5&52,@)
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1 1 1
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011012 pt
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+(o31(k)V + 032 (k) V?)2E2
> My|¢]?,
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Hoft M(t) = [ 022(k)IdBs(s), Ma(t) = [ o21(k)dBa(s).
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ZIF RS Ry =4.99 > 1, 8 3.2 AIAIARSE (2.3) FF7EdRFLIEA B (LA 1).

4
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B 1 &4 (2.3) MAIMEN (0.8,0.9,1.5) M2k, S(t),1(t),V(t) 2ABIYEES)
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RESATH © = (m,m) = (3, 3). WL T SHUE.
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a=0.3,011 =0.7,012 =0.7,091 = 0.7,000 = 0.7,031 = 0.7, 032 = 0.7.

SRR R = 0.78 < 1, RIS 6.1 P RFE R ERPE BT KL (WHE 3).
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8 4k

A R Z E W RENL UL T — R AR RENLIE 3R A i SIVS AL HJE
R AR R, T R BME, EWT T REVLE R B R AE T, AT BUE R
RE T EIR AR, RYIGENRE, B NFE S ope 5 3RS SRR N R TRy
AL, KA HAL S N R AR 2 AR AL

TEAR G RO T, BADEN TR T RpAME, PR KRS, X

WHAEYIE ST

HIEHE 4.1 F124 Ry > 1 BFRSE (2.2) 1BV E T RRrAR, RYIETIRTEMRE PR
WATFAE;

HIEHL 5.1 F124 Ry > 1 BERS (2.2) KN (S(1), 1(1), V(1),r(t)) R H HRA
ME—H PR AT, RWTRRZEE . BRH LA i RO MR iR A R g, HEA]
B P2 (WSS T B 2 s

HIEHE 6.1 4124 RY < 1 WP RS (2.2) RAKH), RUIBGE FEORREE i R RZE
BT 0, BIRIHK.
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Qualitative Analysis of a Stochastic SIVS Epidemic Model with
Nonlinear Perturbations Under Regime Switching

Zhang Zhonghua Zhang Qian
(School of Sciences, Xi’an University of Science and Technology, Xi’an 710054)

Abstract: In this paper, we present a stochastic SIVS epidemic model with nonlinear pertur-

bations under regime switching. For the non-autonomous stochastic SIVS epidemic system with

white noise, we provide results regarding the stochastic boundedness, stochastic permanence in

mean, and we prove that the system has at least one nontrivial positive T-periodic solution by

using Lyapunov function and Hasminskii’s theory. For the system with Markov conversion, we

establish sufficient conditions for existence of ergodic stationary distribution, and the thresh-

olds for persistence in mean and the extinction of infected persons was obtained, respectively.

Finally, some numerical simulations are carried out to support the theoretical results.

Key words: Stochastic SIVS epidemic model; Nonlinear perturbation; Markov chain; Nonlin-

ear incidence.
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